change in cold regions; (2) once the surface temperature rises due to open mining, the permafrost will disappear with the increase of exploitation life. If considering the solar radiation, the climate conditions and the geological condition around the pit edge, the maximum thaw depth will be more than 2 m; (3) the protection measures are proposed to avoid the disadvantage impact on the permafrost environment caused by coal mining. It will provide a scientific basis for the resource development and environment protection in cold regions. Muli Coalfield is the largest coal reserves in Qinghai Province, accounting for the province's total reserves of 8%. In 2020, the coal output is expected to reach to 20,000,000 tons and the production capacity of coal chemical industry reaches to 12,000,000 tons. The coal-bearing strata of Jiangcang District are located in the south of Datong River Basin. This region belongs to the subsidence centre and the coal-rich zone in the Muli Coalfield. The thickness of coal-bearing strata is about 658 m. There are abundant coal layers from top to bottom in the ground. The thickness of the coal seam is 95.51 m, and that of the mining is 44.87 m. Juhugeng District contains five to six layers of recoverable coal seam. Most of the coal seams are not stable and analysIng thE EnvIrOnmEntal harms causEd By cOal mInIng and Its PrOtEctIOn mEasurEs In PErmafrOst rEgIOns Of...
PERMAFROST DISTRIBUTION AND CHARACTERISTICS OF MINING AREA

Permafrost Distribution
Muli Coalfield is located in the Alpine permafrost zone of AltunQilian Mountains in Qinghai-Tibet Plateau. The coalfield is situated between Tolai mountain and Datong mountain located in the middle section of Qilian mountain. Owing to the control of altitude and latitude, this district is largely covered by continuous permafrost. Regional latitude variation is relatively small, so the altitude is a dominant factor to control the permafrost development. This will lead the river to form breakthrough or nonbreakthrough talik. It will lead to that the river forms breakthrough talik or non-breakthrough talik. There is a sheet of talik amongst broad valley and terrace in Datong River. Most of valley range is covered by breakthrough talik in the Datong River and Jiangcang meander. Valley range is through non-breakthrough talik in Duosuo meander. Figure 1 shows the distribution map of the permafrost in Muli coal mining of Qinghai Province. According to the topography, permafrost ice-content, lithology and thickness of unconsolidated formation, the permafrost in Muli coal mining can be divided into four types. They are the bedrock-mountainous low-ice-content permafrost, the river-terrace low-ice-content permafrost, the ice-water terrace high-ice-content permafrost and the mountainfront gentle-slope high-ice-content permafrost, respectively.
Main characteristics of permafrost
The river-terrace low-ice-content permafrost is mainly distributed at both sides of Duosuo meander in Juhugeng District, both sides of Jiangcang meander in Jiangcang District and both sides of the Datong River (Fig. 2a) . The flat terrain and the dense branches in Jiangcang meander near the mining area results in the formation of a wide range of terrace low-ice-content permafrost. The upper part of the stratum in this region is generally 0.5-1.0 m of sandy loam layer and clay loam layer, and the under part is about 5-30 m alluvial sand-gravel layer. The lower-part of fine-particles soil is commonly micro-layer ice lens. Sand gravel is cemented by ice.
And it is filled with ice inclusions to a depth of 2.0-4.0 m. But the ice content is generally less than 20%. Seasonal thawing depth is generally 1.7-2.0 m in this region. Owing to the thermal effect of the river near 20-m range of river bed, the seasonal thawing depth is up to 2.5 m and the thickness of permafrost is about 30-50 m. And the permafrost temperature is −0.3 to −1.2°C.
It means that the permafrost temperature in Jiangcang District is higher and the permafrost thickness is thinner.
The ice-water terrace high-ice-content permafrost is mainly distributed in the diluvial and moraine deposit belt surrounding the gentle remnant mountains of Juhugeng District (Fig. 2b) . The surface is covered by 1.0-2.0 m of alluvial gravel in the region.
Below the surface, there is a layer of boulder sand-gravel and moraine with a thickness of 20-30 m. The deep bedrock fissurewater rises out of the surface along the loose rock in certain sections. It leads to the spring exposed in the surface. Soil and stone is cemented by ice in moraine layer, and the ice content is about 15~30%. The seasonal thawing depth is 1.8-2.0 m. The permafrost thickness and temperature is 50-70 m and −1.0 to −1.5°C, respectively.
The mountainfront gentle-slope high-ice-content permafrost extensively distributes in Muli Coalfield. This type of permafrost is mainly distributed in loose moraine layer, diluvial layer and alluvial layer of the mountainfront gentle-slope zone (Fig. 2c) . The permafrost continuously distributes in mining area. The thickness of overlying loose layer is relatively thin. Especially, the rich-ice permafrost mainly concentrates in the upper loose layer.
The thinner the soil, the higher is the ice content. The permafrost thickness is thin and the ground temperature is high around the hillside and river terrace. In the gentle slope and moraine platform, the permafrost thickness is thick and the ground temperature is low and the ground surface is mainly covered by (Table 1 ). In addition, the proportion of the bedrock-mountainous low-ice-content permafrost is relatively high, which reaches to 37.74%. The other two types of the permafrost are relatively low. The total accounts for only 7.23% of the total area. With the large-scale exploitation of the mining area, this phenomenon is more obvious. It will inevitably lead to the withdrawal of permafrost area.
PERMAFROST ENVIRONMENTAL
2. Ice-content type of permafrost has changed, and the scope of thaw zone has continually expanded. Ice content of permafrost is a major factor of ground-surface deformation and engineering-construction destruction in permafrost regions. It is the richest part of underground ice near the upper limit of permafrost. Owing to close to the surface, the underground ice is easily affected by natural and artificial factors. The permafrost type is mainly rich-ice permafrost, saturation-ice permafrost, and including-soil ice-layer in Muli coal mining. As a result of the high ice content of permafrost, it is extremely sensitive to interference of human activities. A large number of underground ices are exposed to the surface in the process of opencast coal mining. The mine exploitation and coal mining will cause the ground ice melting. It will result in the degradation or even disappearance of the permafrost. And the scope of thaw zone has continually expanded. 
The changes in natural environment in permafrost regions
The change in permafrost environment includes not only the frozen-soil layer but also the natural environment of climate, hydrology and land surface conditions. Both of them are interdependent and mutual influencing.
1. Destruction of plateau vegetation: Plateau ecological environment is extremely fragile. Once the vegetation suffers serious damage, the ecosystem cannot be restored for a long term. The destruction of vegetation results in surface desertification. It will change the soil hydrothermal condition and the permafrost burial conditions. When the permafrost table descends and the ground ice melts, the groundwater level will decline and the surface soil moisture will reduce. This change in turn will make the surface drier.
Then the surface desertification intensifies and will lead to the hot-Karst phenomenon, such as thaw slumping, thaw depression and thermokarst lake. The irreversible vicious circle will eventually lead to the deterioration of the ecological environment [Wang et al. 2001 [Wang et al. , 2004 . The natural cover layer is stripped in the process of Muli coal mining. It leads to the surface drought and desertification in the mining area.
The ecological balance is broken. Especially, the arbitrary excavation doesn't pay attention to the protection of vegetation in the road construction of mining area (Fig. 4a) 2. Change in surface water: Global change and human activities will directly affect the surface condition and the freezingthawing of permafrost active layer. At the same time, they change the seasonal freezing and the release of soil moisture.
Thereby, they also affect the runoff of surface water and shallow groundwater and their distribution in the year [Wang et al., 2001 [Wang et al., , 2004 . Coal mining breaks the heat exchange process in the permafrost active layer and also changes the depth of surface-water and groundwater and their migration laws.
Owing to the permafrost melting and surface-water infiltration, there is a large area of stagnant-water phenomenon in the mine. Owing to the opencast mining, a mine water pit is close to the river in Jiangcang mining area (Fig. 4c) . Coal mining has destroyed the permafrost layer. And the river has penetrated into the water pit through the permafrost layer. It leads to a large area of icy water phenomenon. Pumping water is a must to normally construct by the use of water pump in the winter.
The No. 4 well of Juhugeng District is near to Duosuo river (Fig. 4d) . Therefore, the river way is directly built with mining dump, the garage and some production facilities. Especially, the waste gangue piled on the river side directly squeezes the vegetation on the terrace. Gangue easily absorbs the solar radiation. And it will increase the overlying surface heat.
Thus it breaks the balance of heat radiation and leads to the artificial permafrost-table descending, ground ice melting and the change in groundwater migration rule. A series of frost heaving and thermokarst lake phenomena appear in the side of Duosuo River, whereas dense alpine meadow grows at the opposite bank. Moreover, the production and living water is discharged at random to the river in the mining area. It has seriously hindered the tributary flow direction of the Duosuo River. increases and the ground ice melts, it will be easy to form traceability slump phenomenon. Especially, the loose rock is prone to collapse and avalanche [Niu et al. 2004 [Niu et al. , 2006 . In addition, if the waste rock stacks unreasonably, the overlying permafrost will be prone to collapse avalanche (Fig. 4e) .
Haitaer coal mine is excavated by using underground mine tunnelling. The mining depth is about 540 m. The goaf is automatically filled and levelled up after collapsing due to coal mining. A collapse has arisen around the goaf and gradually extended to the surrounding after digging coal (Fig. 4f) . The depth of the nearest collapse is about 50-60 m. The diameter of the emerging pits is about 30-100 m. 
1. Destruction of plateau vegetation: Plateau ecological environment is extremely fragile. Once the vegetation suffers serious damage, the ecosystem cannot be restored for a long term. The destruction of vegetation results in surface desertification. It will change the soil hydrothermal condition and the permafrost burial conditions. When the permafrost table descends and the ground ice melts, the groundwater level will decline and the surface soil moisture will reduce. This change in turn will make the surface drier. Then the surface desertification intensifies and will lead to the hot-Karst phenomenon, such as thaw slumping, thaw depression and thermokarst lake. The irreversible vicious circle will eventually lead to the deterioration of the ecological environment [Wang et al. 2001 [Wang et al. , 2004 . The natural cover layer is stripped in the process of Muli coal mining. It leads to the surface drought and desertification in the mining area. The ecological balance is broken. Especially, the arbitrary excavation doesn't pay attention to the protection of vegetation in the road construction of mining area (Fig. 4a) . It results in a large number of abandoned pits on both sides of the road. It results in the underground ice exposed in the surface and the formation of thaw depression. Moreover, a large area of the surface vegetation is excavated in the construction of the drainage ditch in No.4 well of Juhugeng mine district (Fig. 4b) . It results in the vicinity of vegetation destroyed. The underground ice can be seen at 1-2 m of the excavation section below the surface. And the underground ice melting causes serious damages to the ecological environment. 
SIMULATION FOR THE INFLUENCE OF COAL MINING ON THE PERMAFROST
Analysis the interaction between coal mining and permafrost environment
The permafrost environment is mainly affected by internal and external factors [Wu et al. 2000] . The internal factors primarily include soil, ice content and annual average ground temperature.
The external factors generally include climate, terrain and human activities. Internal factors affect the permafrost properties, and external factors restrict the internal factors. It is complex for the interaction between coal mining and permafrost environment. But the interaction can be briefly denoted by Figure 5 . Coal mining will lead to the eradication of vegetation, destruction of rock and waste dump. Once the surface temperature rises due to coal mining, it will result in heat erosion, ground ice thawing, permafrost table declining and the change in water-heat exchange process in the active layer. Moreover, coal mining will directly bring on destruction of the natural environment, such as desertification, slope instability, the change in surface water system and microclimate in mining area. The change in the natural environment has a direct impact on the change in permafrost, whilst the latter oppositely has an impact on the former, which makes mutual transformation and interaction.
Simulation for the influence of coal mining on the permafrost
Opencast mining will eradicate the overlying vegetation. The frozen-soil layer is also stripped from the whole. Thus, the permafrost environment is seriously damaged in the mining area.
In addition, the permafrost on the excavated slope is directly We can see that because of the negative temperature, a thin layer of the permafrost can form around the pit bottom and edge. The thickness of the permafrost has decreased with the increase in the annual mean surface temperature. As the elapse of exploitation life, the permafrost degradation has not happened. This is mainly due to the fact that the negative temperature is given to the boundary condition of the average annual surface temperature around the pit edge. Thus the ground temperature has gradually decreased. But once the surface temperature rises due to open mining, the permafrost will disappear with the increase in exploitation life. The maximum frozen-thawing depth is not more than 2 m without considering the solar radiation, the climate conditions and the geological condition around the pit edge. But when considering these complex factors, the maximum thaw depth will be more than 2 m.
PROTECTION MEASURES OF PERMAFROST ENVIRONMENT IN COAL-MINING AREA
Coal mining inevitably influences the permafrost environment in permafrost regions. It is a must to take effective measures to
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(1 year) (5 years) (10 years) Figure 6 . The highest temperature isotherm with the annual mean surface temperature of −1.5℃ Figure 7 shows the highest temperature isotherm with the annual mean surface temperature of −1.0℃. When the thickness of the active layer is 1.4 m around the pit bottom and edge, a thin layer of the permafrost will develop. But the thickness is only 4 m until the tenth year.
(1 year) (5 years) (10 years) Figure 7 . The highest temperature isotherm with the annual mean surface temperature of −1.0℃ Figure 8 shows the highest temperature isotherm with the annual mean surface temperature of −0.5℃. When the thickness of the active layer is 1.5 m around the pit Figure 6 . The highest temperature isotherm with the annual mean surface temperature of −1.5°C.
(1 year) (5 years) (10 years) Figure 7 . The highest temperature isotherm with the annual mean surface temperature of −1.0℃ Figure 8 shows the highest temperature isotherm with the annual mean surface temperature of −0.5℃. When the thickness of the active layer is 1.5 m around the pit 
Reasonable control the depth and intensity of coal mining
The depth and the intensity of coal mining greatly influence the quality of the frozen-soil environment. Deep coal mining will produce a series of freeze-thaw erosion phenomenon, including slope mudflow and slope sliding. In addition, coal mining will have a great impact on the ecological vulnerability and the permafrost thermal stability because of the elimination of surface vegetation and destruction of the permafrost layer. So the depth and intensity of coal mining have to be controlled to decrease their impact on frozen-soil environment. And it is a must to limit the excavation area and avoid excessive indiscriminate digging (Fig. 9a) . Coal gangue site close to the river should be avoided. If it is unavoidable, we should strictly delineate from the river space. And the designated area is strictly prohibited to stack coal gangue. Moreover, coal gangue site should generally select no vegetation exposed area of production area or melting zone in order to try to avoid the destruction of vegetation. The waste rock is dumped by steps and layers (Fig. 9b) . The slope angle should be controlled to prevent the soil erosion and strengthen the soil-water conservation. Moreover, the stripped surface humus-rich soil should be stacked alone. When the stacking height reaches to design elevation, the humus-rich soil should be covered to the dump surface. The sod or turf should be transplanted or cultivated for the slope nursing in order to avoid freezing-thawing erosion [Wu et al. 2005] .
Take different ways in different seasons
Permafrost is extremely sensitive to temperature. And the thermal stability of permafrost is different in different seasons. The stability of permafrost is enhanced in winter, whereas it is weak in summer. Therefore, the seasonal precipitation will increase in summer. The ponding is a serious issue in mining area. And it is prone to slope collapse because of the poor thermal stability of permafrost. So the production or non-production of coal should be limited in this season. The precipitation decreases in winter.
So there is a large-scale production of coal because of the enhanced thermal stability of permafrost. The underground ice should be rapidly excavated in the construction process to avoid ground ice melting and thus affecting the production. During the cold season, we should try to use the natural cold energy of the 13 bottom and edge, a thin layer of the permafrost will develop. But the thickness is only 3 m until the tenth year.
(1 year) (5 years) (10 years) Figure 8 . The highest temperature isotherm with the annual mean surface temperature of −0.5℃
We can see that because of the negative temperature, a thin layer of the permafrost can form around the pit bottom and edge. The thickness of the permafrost has decreased with the increase in the annual mean surface temperature. As the elapse of exploitation life, the permafrost degradation has not happened. This is mainly due to the fact that the negative temperature is given to the boundary condition of the average annual surface temperature around the pit edge. Thus the ground temperature has gradually decreased. But once the surface temperature rises due to open mining, the permafrost will disappear with the increase in exploitation life. The maximum frozen-thawing depth is not more than 2 m without considering the solar radiation, the climate conditions and the geological condition around the pit edge. But when considering these complex factors, the maximum thaw depth will be more than 2 m.
PROTECTION MEASURES OF PERMAFROST ENVIRONMENT IN COAL-MINING AREA
Coal mining inevitably influences the permafrost environment in permafrost regions. It is a must to take effective measures to avoid the deterioration of frozen-soil environment. On the one hand, we should realise the seriousness of the influence of coal mining on the frozen-soil environment and should make some active measures and methods in the planning of mining area and avoid the influence of the mining process on the frozen-soil environment. On the other hand, we should take some positive and effective measures to reduce the further deterioration of permafrost 
Protecting alpine wetland and strengthening the restoration measures of permafrost environment
The wetland protection will greatly influence the ecological vulnerability of permafrost. So it should strengthen the monitoring of the surrounding wetlands in coal mining. At the same time, it is a must to grasp the ecological laws of wetland and pay close attention to the ecological changes in the wetland. We can take the 'artificial irrigation, natural wetland' approach to ensure integrity of the wetland ecological function. The coal mining destroys the surface and underground water. So the phenomenon of surface collapse is serious and wetland ecosystem changes severely. It should filter the natural rainfall and underground water in coal plash to treatment standards (Fig. 9c) . Then the treated water can be irrigated to nearby wetlands as the supplementary water resources according to wetland ecological cycle. It can not only protect the normal water conservation function of wetland but also improve the treatment effect of waste water. The regional water resources can achieve natural purification and recycling by artificial way.
It must be not free to eradicate turf in the process of coal mining to try to reduce the destruction of vegetation on the plateau.
The coal should be mined in advance in the designated area, and the turf should be transplanted before the construction.
The preserved turf should be transplanted to nurse the coal gangue slope after the construction (Fig. 9d) . Moreover, it should strengthen the vegetation management and improve the survival rate of transplantation. And it is a must to cultivate suitable turf for the growth in cold and dry environment and transplant it into the exposed surface [Wu et al. 2005] . In addition, the effective restoration measures will have a positive impact on improving the permafrost environment. The work area especially the living area should choose to build in the exposed area without vegetation of the thawing zone. The temporary buildings should adopt the overhead structure and the roadway should pave concrete precast slab. The reclaimer should be selected in the thawing zone, flood land and bare mountain.
The reclaimer field should be levelled after the completion of the project. According to the 'filling replace excavating', 'more filling than excavating' construction principle, building construction should take ventilated structure and heat-pipe cooling technology to reduce the influence on frozen-soil environment.
We should also take measures to further improve the level of wastewater treatment and strengthen the land reclamation. It will have a positive role in promoting the protection of frozen-soil environment.
CONCLUSIONS
This paper analyses the status and characteristics of permafrost distribution in Muli coal mining of Qinghai Province by investigation and simulation analysis. After that, the study discusses permafrost environmental problem and its harm due to coal mining. Finally, it put forward the protection measures of frozen-soil environment in Muli mining area.
It will cause varying degrees of permafrost environment problems in coal mining area. This paper mainly analyses the influence of coal mining on permafrost environment, including the influence of other production and living facilities on the frozen-soil environment. In addition, it is necessary to study better the effect of coal mining on the permafrost environment based on a large amount of field experiments and laboratory tests.
